The Pipeline embolization device (PED) is one of the flow-diverting stents approved for the treatment of unruptured large or wide-necked cerebral aneurysms in 2011 1 . Its use has now been extended to the treatment of recently ruptured dissecting cerebral aneurysm, carotid pseudoaneurysm from radiation injury, and blister aneurysms 2,3 . We aimed to evaluate the effectiveness of utilizing the PED as a primary treatment for ruptured dissecting intracranial aneurysms.
Introduction
The Pipeline embolization device (PED) is a flow-diverting stent (FDS) approved by the FDA in the USA in 2011 for the treatment of unruptured large or wide-necked cerebral aneurysms. There were a total of 108 PEDs deployed in our center between December 2010 and February 2013. The PED is gaining popularity due to its property of flow modification, eliminating shear stress and reconstruction of the parent artery with subsequent intra-aneurysmal thrombosis, while blood flow to side branch arteries and perforators can be preserved 4, 5 . Its effectiveness with high complete occlusion rates and low procedure-related morbidity and mortality has been well-demonstrated 6 .
As heparin and antiplatelet therapy would be required during and after deployment of a FDS, great caution is advised for its use in the presence of recent hemorrhage 7, 8 . However, some centers have extended its use for the treatment of recently ruptured dissecting cerebral aneurysm, carotid pseudoaneurysm from radiation injury, and blister aneurysms 9 . In patients with recent rupture of aneurysms, complete obliteration upon angiographic follow-up can be achieved in 82.8%, with an overall procedure-related complication rate of 10.3% 10 . The classical treatment for intracranial arterial dissection with hemorrhage is trapping of the involved segment, and thus sacrificing blood supply to the down-stream normal brain tissue. This may result in significant infarction especially if the sacrificed segment is dominant. With the use of FDS, there is a hope that normal blood flow in the arterial lumen can be preserved on the one hand, while the dissected arterial wall can be repaired on the other. Therefore, we reviewed our experience and aimed to evaluate the safety and effectiveness of utilizing PED as a primary treatment for ruptured dissecting aneurysms in our center.
Materials and Methods
A retrospective review from our departmental database was conducted for all patients primarily treated with the PED for acute SAH from ruptured dissecting cerebral aneurysms in Kwong Wah Hospital between December 2010 and February 2013. Relevant data, including aneurysmal characteristics, antiplatelet regimen, technical issues, degree of contrast stasis in immediate post-stented DSA, complications and clinical outcome in Glasgow Outcome Scale (GOS), were collected and analyzed. Pa- showed left vitreous hemorrhage. It resolved spontaneously afterwards. She had a Glasgow Outcome Scale of 5 at two months' follow-up. However she subsequently defaulted and follow-up angiogram could not be performed. Another patient presented with left vertebral artery dissection (WFNS Grade 1). One PED was deployed and she was put on clopidogrel 75 mg daily post-operatively. However, she developed cortical vein thrombosis in the right parietal region, which resulted in intracerebral hematoma 25 days later. Despite this, the follow-up DSA showed complete obliteration of the stented aneurysm, with no in-stent thrombosis. Clopidogrel was then switched to warfarin for eight months more. She made a satisfactory recovery and could manage to take care of her daily living.
There was one technical failure in a patient with a 4 mm × 15 mm basilar trunk dissection. A 3.75 mm × 30 mm PED was first successfully deployed across the dissection. When a second PED (3.75 mm × 20 mm) was deployed in a telescoping manner inside the first stent, the tip of the guide-wire broke and became lodged at the basilar tip. The wire tip was successfully retrieved with an Amplatz gooseneck snare, and the patient remained asymptomatic afterwards.
There were no hemorrhagic complications encountered from the aneurysms or when external ventricular drains were removed. Four patients had their ventriculo-peritoneal shunts placed after an average of 24 days from stenting (range, 14-31 days). All were uneventful.
The median clinical follow-up time was 11.5 months (range, 2-32 months). No symptomatic delayed complications or delayed rebleeding occurred. Upon last follow-up, five patients (63%) were independent (GOS >/= 4). There was no procedure-related mortality.
The median angiographic follow-up was five months (range: 2-10 months; CTA in three, DSA in five). All of the dissecting aneurysms showed complete obliteration and no recanalization was detected at intermediate angiogram.
Discussion
Data on the use of PED in acute or subacute SAH from posterior circulation dissecting aneurysms are limited to a few case reports or small series (Table 2) 2,11-14 . Great caution is generally advised due to thromboembolic risks and the use of heparin or antiplatelet therapy 13 . tients were followed up with either CTA or DSA at six-month intervals. The images were assessed by independent radiologists.
Results
Eight patients (five female and three male; mean age, 52 years) presented with acute SAH and underwent primary treatment with PED ( Table 1 ). The World Federation of Neurological Surgeons (WFNS) grade on admission was 1 in six (75%) patients and Grade 4 in the remaining two (25%) patients.
A total of eight dissecting aneurysms were treated, all were from the posterior circulation with major side branch involvement such as the posterior inferior cerebellar artery. Six (75%) were from the vertebral artery, two (25%) from the basilar artery.
All eight patients were treated with PED in the acute phase (<five days). Mean duration from SAH was 2.5 days (Range, 1-5 days). The mean number of PED deployed was 1.4 (range, 1-2). One PED was broken on deployment. Two patients received stent-assisted coiling in view of large daughter sacs identified. Contrast stasis was achieved in all eight patients.
All our patients received intraprocedural systemic heparinization and a loading dose of aspirin 320 mg and clopidogrel 300 mg via nasogastric tube just before deployment of PED, followed by low-molecular weight heparin for one day. After the first few cases, we standardized our maintenance antiplatelet regimen as a single agent, either aspirin or clopidogrel for three to six months more. We also confirmed the effectiveness of aspirin or clopidogrel with the VerifyNow test (Accumetrics, San Diego, CA, USA). If the patient was resistant or a poor responder to one of the antiplatelet agents, we switched to the other alternative. If the initial CT brain showed ventricular dilatation, endovascular interventions were performed only after external ventricular drains were inserted, preferably under the same general anesthesia.
There were two (25%) procedure-related symptomatic complications. One patient was admitted for acute right vertebral artery dissection (WFNS Grade 3). Immediate post-operative recovery was uneventful. CTA done five days later showed complete obliteration of the dissection. She complained of visual blurring at day 7 and ophthalmological examination for clopidogrel as indicators of acceptable antiplatelet effect for both drugs 23 . Patients with values below these cut-offs were usually switched to another antiplatelet agent to ensure adequate protection against thromboembolic complications.
Our study has several limitations, including its retrospective design, small sample size, short follow-up period and the heterogeneity of the patient group, which included patients with different WFNS grading, size of aneurysms and various antiplatelet regimens, though we tried to standardize it after the first few cases. There was no validation of each patient's compliance with the individual antiplatelet regimen. However, we believe that this case series can help further validate the role of the PED in managing acute dissection of the posterior circulation.
Conclusion
The Pipeline embolization device (PED) has revolutionized the endovascular treatment of intracranial aneurysms by its property of parent artery remodeling to achieve flow diversion and side branch preservation. As many published studies showed, the PED should be used with caution in the acute setting of ruptured aneurysms carrying a high rate of rebleeding and high morbidity afterwards. Our case series demonstrated that PED can be a feasible treatment option in a carefully selected patient group and does not significantly increase the complication risks or mortality rate. Future studies should evaluate the optimal antiplatelet regimen for using the PED in the acute phase.
Ruptured vertebrobasilar dissecting aneurysms have a high rate of early rehemorrhage, up to 70% in some series 15, 16 . They carry a poor clinical outcome with a high mortality rate of 46.7% in rerupture cases 17 . Hence, early treatment is warranted.
The classical treatment of choice for dissecting aneurysms remains trapping or parent artery occlusion with a success rate of 62-73% [18] [19] [20] . However, in the setting when there is insufficient collateral flow or major branches such as involvement of the posterior inferior cerebellar artery, parent vessel preservation is paramount. PED provides a novel treatment option for such devastating aneurysms by wall reconstruction and aneurysmal sac thrombosis at a later stage.
The optimal antiplatelet regimen in the acute phase of SAH has yet to be determined. The widely accepted standard regimen of dual antiplatelets for stent placement in unruptured cases carries great concern in these acute dissection cases, so we came to the conclusion that a single maintenance antiplatelet agent either aspirin or clopidogrel should be used.
Aspirin resistance has been reported to occur in 5% to 45% of the general population 21 while the prevalence of clopidogrel non-response was 21% 22 . Since the VerifyNow assay became available in our neurosurgical department in November 2011, we have routinely checked the aspirin-reaction unit (ARU) for aspirin and percentage inhibition of P2Y12 reaction units (PRU) for clopidogrel to determine the effect of antiplatelet agents. We use a widely-adopted cut-off value of <550 ARU for aspirin and PRU <230 and >/= 40% inhibition Table 2 Characteristics and outcome of the posterior circulation dissecting aneurysms treated with PED in previous studies. 
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